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INTRODUCTION

The problem of asphalt stripping or the separation of the asphalt film
from the aggregate through water displacement or emulsification has long been
recognized (1,2). 1In recent years there has been an increase in the expressed
concern of stripping related distress in pavements. Such distress has been
reported in areas where in the past there had not been any identified strip-
ping problems.

This study, undertaken by Oregon Department of Transportation to evaluate
stripping in Oregon pavements, was carried out under Basic Agreement No. DOT-

FH-11-8866.

Objective

As stated in the project statement the study objective is to identify and
quantify the extent of asphalt stripping in flexible pavements in order to
provide a better understanding of the problem and guidance to alleviate future
pavement distress. This report addresses specifically the problem of strip-
ping in the state of Oregon. Other agencies are to present similar findings

in their states.

The entire project is intended to provide a national survey of the as-
phalt stripping problem in flexible pavements. The approach consists of two
phases which include a laboratory study of bituminous mixes and a field survey
of flexible pavements. The laboratory study examines materials and combina-
tion of materials used in bituminous mixtures. The field survey will attempt

to evaluate pavements constructed using these materials,



LABORATORY EVALUATION PLAN — PHASE T

This chapter of the report describes the projects evaluated in this study
and the test methods used in evaluation. As stated in the work plan guide-
lines for development of the plan were to include:

1) Aggregates: Those selected should be typical of the aggregate
sources in Oregon mixes. It is desirable to have as many sources as
possible. Aggregate sources with suspected stripping susceptibility
should represent about 75 percent of the aggregates studied.

2) Asphalt Cements. They should be representative of those in common

use in Oregon State mixes, and should preferably be field obtained
samples (not off the laboratory shelf). To the extent possible,
replicate testing of mixtures should be performed using different
asphalt cements.

3) Mti-strip Agents. They should be representative of those in common

use in Oregon State mixes and, preferably, should include lime and
liquid chemical agents.
4) Tests. Mix design data on the laboratory prepared specimens should

include those listed in Table 1.

Projects Evaluated

A total of 24 projects were selected for evaluation; however only 20 were
evaluated. They are identified in Table 2. TFor each project aggregates,
asphalt cement, anti-strip agent, and asphalt concrete mix were submitted to
the central laboratory for extensive testing. Criterian used to select the

projects included:



Table 1. Suggested Data on Laboratory Batched

Specimens and Project Materials

Data

Aggregate Source

Aggregate Type

Aggregate Gradation

Sand Equivalent

Aggregate Specific Gravities
Asphalt Cement Grade

Asphalt Cement Source
Asphalt Content

Dust/Asphalt Ratio

Maximum Mix Specific Gravity

Immersion = Commergien

Test Method

Descriptive
Descriptive
AASHTO T-27
AASHTO T-176
AASHTO T-84, T-85
Descriptive
Descriptive

i

AASHTO T-209

AASHTO T-165



7.
8.

10.
11.
12.
13.
14,
15.
16.
17,
18,
19.
20.
21.
22.
23.
24,

%*

Table 2. Projects Selected for Evaluation

Project

Hanley Road-Fish Lake

Sunny Valley-Jumpoff Joe Cr.
Beede Reservoir-Drinkwater Pass
Port Orford-Cape Sebastion
Burnt Hill-Thomas Creek

Ridge Dr. N,E,-Pine St. N.E.
Nyland Rd.-Roaring Cr.
Emigrant Hill-Meacham
Midland—-California St. Line
Vail Cr.-Nyland Rd.
Weston-Weston Mountain
Hermiston-Umatilla

Golf Club Rd.-Stayton Jct.

N. Albany-N. Jefferson Int.
Willamette Hwy. @ Cloverdale Rd.
Powder River Section*

Juniper Canyon-Lexington

32nd St.—-Crest Motel (Astoria)
Reedsport-Dean Creek

Wallace Bridge-Willamina ECL
Roberts Cr.-Dillard Int.*
Cascade Const. Project*
Elkhead Rd.— Rice Hill NB

Willamette Western Project®

not evaluated

Indentification

Total Tons of Mix

115-1029
617-1009
13-1066
8-1066
8-1064
324-1079
22-1013
630-1082
18-1010
22~-1012
130-1079
30-1080
124-1063
622-1007
20-1049
1-1008
525-1073
4-1039
10-1007
127-1002
610-1006
(Rap-20%)
610-1008

(Oregon City Plant)



1) Aggregate type.
2) Asphalt type.
3) Region of the state.

Figure 1 shows the location of each project in the state.

Test Methods

A variety of tests were performed on the mix from each of the 20 projects
evaluated. These are summarized in Table 3. Tests were performed on labora-
tory compacted specimens using mix submitted from the field as well as those
batched and compacted in the laboratory using aggregate and asphalt obtained

from the field.
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- Table 3 Tests Used hy nrngnn DOT

Test Mot hodd

Aggregates
1. Gradation T=27
2. Specific Gravity -84, T-85
3. DMSO ——
Mixture
1. Specific Gravity T-246
2, Maximum Specific Gravity T-209
3. Stability T-247
4. Index of Retained Strength T-165

Standard - 3,000 psi -

Two Alternates - 1,000 and 500 psi -

5. Modulus#*

As Compacted _—
After Vacumm Saturation -
Af ter Freeze Thaw -

*  Method described in NCHRP Report 192(1).




TEST RESULTS - PHASE I

This section summarizes the results of the tests performed on mix and/or

aggreate from each of the 20 projects.

Mix Design Recommendations

Table 4 summarizes the results of standard Oregon DOT mix design testing
for the development of mix recommendations. For each project, the following
information is provided:

1) Type of Mix

2) Recommended Gradation

3) Recommended Asphalt Content, 7% by weight of total mix

4) Asphalt Retention during extraction, 7%

5) Asphalt Grade and Supplier. Source is not available.

6) Mix specific gravity after first compaction with the kneading com-—
pactor; after second compaction which was used in the past for

compaction control; and maximum theoretical (T-209).

D) Index of retained strength (T-165).

8) Modulus of as compacted samples and samples subjected to vacuum
saturation and freeze thaw conditions for modulus ratio determina-
tion (see NCHRP Report 192, Appendix A for test procedure).

All materials (aggregates, asphalts and additives) were obtained from the

field and are representative of materials used in paving.

Mix and Aggregate Properties — Submitted Material

Table 5 summarizes properties of paving aggregates and mix submitted from

the field. Normally the mix was obtained from the street; however, on occa+
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sion it was obtained at the plant. Aggregates were sampled from stockpiled
material to be used in the paving mix. The mix was extracted using vacuum
extraction techniques (OSHD Method - 309) for the determination of:

1) Aggregate Gradation

2) Asphalt Content, 7

3) Moisture Content, 7
In addition, some of the mix was used to compact specimens to determine index
of retained strength and modulus. The submitted aggregate, asphalt and addi-
tives were used for lab batching and fabrication of asphalt concrete mixture
specimens to determine index of retained strength and modulus. These results
are presented in the following sections. Also, DMSO weight loss tests were
run on aggregate samples from the stockpile using both coarse (3/4 - 1/4) and

fine (1/4 - 0) materials.

Index of Retained Strength - (IRS)

The results of IRS tests are summarized for submitted mix (Table 6a) and
for laboratory batched mix (Table 6b) using three different procedures:

1) Standard T-165 with a 3,000 psi molding pressure,

2) Modified T-165 with a molding pressure of 1,000 psi,

3) Modified T-165 with a molding pressure of 500 psi.
For each mix, the compacted and maximum specific gravity was measured by T-246

and T-209 procedures and void content calculated as follows:

x 100

Void content, q = [b’lec Spc Gr. - Mix Sp- G?o ]

Max. Sp. Gr.
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Diametral Modulus Ratio

Table 7 summarizes the results of tests for modulus values on submitted
mix (Table 7a) and laboratory batched mix (Table 7b) for three differernt types
of conditioning:

1) Unconditioned. For this case the sample (2 1/2 in high x 4 in

diameter) was compacted using standard Hveem cowmpaction.

2) Af ter Vacuum Saturation., 1In this case the sample was saturated in

water for a period of 1/2 hours using 26 in., Hg vacuum then held for
1/2 hour in water without vacuum before testing.

3) After Freeze-Thaw. After vacuum saturation the sample was frozen

for 15 hours at 0°F and then thawed for 24 hours in a 140°F water
bath and then conditioned at 77°F for 3 hours before testing.

For each project, modulus ratios were also calculated. These appear in Table

7.
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General

DISCUSSION OF RESULTS

Of the twenty-one projects in Table 4 for which construction mix designs

were performed, five exhibited some tendency for stripping when tested without

additive treatment of asphalt as indicated by Index of Retained Strength

values of less than 70% at the recommended asphalt contents. Projects ldenti-

fied in Table 8 are those constructed with a stripping tendency as indicated

by Index of Retained Strength or Modulus Ratio Values of less than 70%.

When the materials from these projects were tested for aggregate quality

using a modified sulfate soundness test (with DMSO) the following was noted:

1)

2)

3)

4)

Project with Low IRS Before Treatment of Asphalt in Mix Design. All

of the projects on which aggregates were tested had a weight loss in
excess of 6.0% (Table 9a).

Projects with Less than 0.70 Modulus in Mix Design. Six of ten

projects on which aggregates were tested had a weight loss in excess

of 6.0% (Table 9b).

Projects with Acceptable IRS in Mix Design. Nine of fifteen pro-

jects on which aggregates were tested had a weight loss in excess of
6.0% (Table 10a).

Project with Greater than 0,70 Modulus Ratio in Mix Design. Four of

the six projects on which aggregates were tested had a weight loss

in excess of 6.0% (Table 10b).
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1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

*

Table 8.

Projects Detected in Construction Mix Design For

Potential Stripping Problems in Wearing Course

Project

Sunny Valley Int. —
Jumpoff Joe Creek

Beede Reservior - Drinkwater Pass
Nylund Rd. - Roaring Creek*

Midland - California State Line

Weston - Weston Mountain

Umatilla - Hermiston*

N. Jefferson Int. - N. Albany Int.

Juniper Canyon Road - lexington
Echo Highway#*

Reedsport = Dean Creek
32nd Street - Crescent Motel
(Astoria)

Elkhead Road Int. — Rice Hill Int.

Vale Creek — Nylund Road*

Fmigrant Hill - Meacham*
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Test Result Indicting Stripping

Diametral Modulus Ratio below 0.70.

Diametral Modulus Ratio below 0.70.

Chevron AR 4000W treated with 0.2%
Pave Bond Special to provide 707% IRS.
Diametral Modulus Ratio below 0.70.

Diametral Modulus Ratio (c/a) below
0.70.

Diametral Modulus Ratio below 0.70.

Chevron AR 4000W treated with 0.27%
Pave Bond Special to provide 707%
IRS. Diametral Modulus Ratio (c/a)
below 0.70.

Diametral Modulus Ratio (c/a) below
0.70.

Chevron AR 4000W treated with 0.3%
Pave Bond Special to provide 70% IRS.
Di ametral Modulus Ratio (b/a) below
0.70.

Diametral Modulus Ratio (c/a) below
0.70,

Di ametral Modulus Ratio (c/a) below
0.70.

Diametral Modulus Ratio (c/a) below
O. 70.

Chevron AR 4000W treated with 0.5%
Pave Bond Special to provide 70% IRS.
Diametral Modulus Ratio (c/a) below
0.70.

Chevron AR 4000W treated with 0.27%
Pave Bond Special to provide 70% IRS.,

Asphalt Treated with Anti-Stripping Additive



Table 9 (a). Aggregate Quality for Projects with Less
than 707% IRS in Mix Design

Project DMSO — Weight Loss, 7%
Coarse Fine

1) Nylund Road - Roaring Creek 13.93 9.90
2) Emigrant Hill - Meacham 1.99 7.93
3) Umatilla - Hermiston 1.71 6.52

4) Juniper Canyon Road - Lexington/
Echo Highway - -

5) Vale Creek - Nylund Road 16.57 34.85

Table 9 (b). Aggregate Quality for Projects with Less than 0.70
Modulus Ratio in Mix Design

Project DMSO — Weight loss, %

Coarse Fine

1) Sunny Valley Int. — Jumpoff Joe

Creek 0.13 3.14
2) Beede Reservior - Drinkwater Pass 10.12 12.30
3) Nylund Road - Roaring Creek 13.93 9.90
4) Midland — California State Line 0.14 1.59
5) Weston — Weston Mountain 18.53 21.65
6) Umatilla - Hermiston 1.71 6.52
7) N. Jefferson Int. N. Albany Int. 6.88 3.13

8) Juniper Canyon Road - Lexington/
Echo Highway - -

9) Reedsport - Dean Creek 1.37 6.85
10) 32nd Street - Crest Hotel (Astoria) 0.86 3.67
11) Elkhead Road Int. Rice Hill Int. 3.55 4,77

12) Vale Creek - Nylund Road - -
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Table 10 (a). Aggregate Quality for Projects with Greater than 70%
Index of Retained Strength in Mix Design

Project DMSO — Weight Loss, 7
Coarse Fine
1) Hanley Ranch - Fish Lake 2.75 8.35
2) Sunny Valley Int. — Jumpoff Joe Creek 0.13 3.14
3) Port Orford - Cape Sebastion 0.24 2.63
4) Beede Reservoir — Drinkwater Pass 10.12 12.30
5) Burnt Hill - Thomas Creek 0.61 2.00
6) Ridge Drive N,E. — Pine Street N.E, S =
ID) Midland - California State Line 0.14 1.59
8) Weston — Weston Mountain 18.53 21.65
9) Willamette Highway @ Cloverdale Road 2.76 7.25
10) Juniper Canyon Road - Lexington/
Echo Highway 3.51 6.70
11) Powder River Section - e
12) 32nd Street - Crest Motel 0.86 3.67
13) Wallace Bridge — Willamina ECL 9.71 11.47
14) Newberg - MP 26.0 9.38 15.53
15) N. Jefferson Int. — N. Albany Int. 6.88 3.13
16) Reedsport - Dean Creek 1.37 6.85
17) Elkhead Road Int. - Rice Hill Int. 3.55 477

Table 10 (b). Aggregate Quality for Projects with Greater than 0.70
Modulus Ratio in Mix Design

Project . DMSO — Weight Loss, 7%

_Coarse Fine

1) Hanley Ranch - Fish Lake 2.75 8.35

2) Newberg = MP 26.0 9.38 15.53

3) Port Orford - Cape Sebastion 0.24 2.63

4) Burnt Hill - Thomas Creek 0.61 2.00
5) Ridge Drive N.E. - Pine Street N,E. - -

6) Emigrant Hill - Meacham 1.99 7.93

7) Willamette Highway - Cloverdale Road 2.76 7.25
8) Powder River Section - -
9) Wallace Bridge — Willamina ECL - -
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Index of Retained Strength

Table 6 presents results of tests on submitted and laboratory batched
asphalt concrete mixtures which contain asphalt treated with additive as
recommended in the mix design. Of the 15 projects for which submitted mix was
tested (Table 6a) all had an index of retained strength greater than 70% and
wet strengths greater than 300 psi. All but four had wet strengths greater
than 400 psi.

Table 6b summarized the results of Index of Retained Strength tests on
laboratory batched specimens. A total of 19 projects were evaluated, includ-
ing both the wearing and base course mixtures. For all projects (but one —-
N. Jefferson Int. - N. Albany Int.), the Index of Retained Strength exceeded
70%. Although compressive strength values are lower for laboratory batched
specimens from less curing or aging of asphalt, satisfactory resistance to
damage from water effect is indicated.

Six of these mixes were also evaluated using a modified version of AASHTO
T-165 where the compaction pressure was reduced to 1000 or 500 psi. These
results are summarized in Table 11. As indicated in this table, the compres-
sive stengths are greatly reduced by lowering compaction pressure, while the

Index of Retained Strength remains more or less constant.

Diametral Modulus Ratio

Table 7 summarized results of tests for diametral modulus on submitted
mixes (Table 7a) and on laboratory batched mixes (Table 7b), some of which
contained asphalt treated with additive when recommended in the wmix design,
Eleven projects (Table 7a) were evaluated for modulus ratio using mix submit-

ted from the field (the remainder were not tested because of insufficient
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1)

2)

3)

4)

5)

6)

Table 1-1. Effect-of Level of -Compaction on Index of Retained-

Strength, Wearing Course

Project Compressive Strength, PSI

Dry

Hanley Ranch - Fish Lake

Standard 206
1000 psi 138
500 psi 93

Sunny Valley Int. — Jumpoff Joe Creek

Standard 408
1000 psi 252
500 psi 169

Port Orford - Cape Sabastion

Standard 247
1000 psi 149
500 psi 100

Beede Reservoir -~ Drinkwater Pass

Standard 174
1000 psi 108

Burnt Hill - Thomas Creek

Standard 346
1000 psi 215
500 psi 185

Midland - California State Line

Standard 278
1000 psi 186
500 psi 133
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Wet

207
133
91

365
203
164

234
136
112

196
121

342
200
168

263
207
127

Retained

Strength, %

100
96
98

89
81
97

95
91
91

113
112

99
93
91

95
111

95



material). After vacuum saturation, the modulus generally dropped; the lowest
modulus ratio for the submitted mix specimens was 0.73 which would indicate
satisfactory resistance to damage from water effect. In two instances (Hanley
Ranch - Fish Lake and Newberg - MP 26.0) the modulus ratio actually exceeded
1.0. When the same samples were subjected to the Lottman's Freeze/Thaw cycle
(Reference 1), the modulus is reduced even further. Samples subjected to this
conditioning procedure exhibited modulus ratios as low as 0.5. In fact, four
of the eleven projects evaiuated had modulus ratios below the generally ac-
cepted value of 0.7. These include:

1) Port Orford - Cape Sebastion

2) Beede Reservoir - Drinkwater Pass

3) Emigrant Hill - Meacham

4) N. Jefferson Int., - N. Albany Int.

Nineteen projects were evaluated for modulus using laboratory batched
specimens (Table 7b). Again, the result of increased curing or aging of
asphalt in submitted mix specimen results in difference in modulus. Most of
the submitted mix had modulus values greater than 400,000 psi while most of
the lab prepared mixes had modulus values less than 400,000 psi. If one
analyzes the results in Table 7b, the modulus ratio after vacuum saturation
ranges from .68 to 1.76 with 5 of the 19 projects having ratios below 0.7.
For samples subjected to freeze-thaw conditioning, the modulus ratios ranged
from 0.34 to 1.02; however, the number of projects with ratios below 0.7
increased from 5 to 10.

Projects with modulus ratio values of less than 0.70 include:

1) Sunny Valley Int. - Jumpoff Joe Creek

2) Newberg - MP 26.0
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3) Nylund Road - Roaring Creek

4) Emigrant Hill - Meacham

5) Weston — Weston Mountain

6) N. Jefferson Int, - N. Albany Int.

7) Juniper Canyon Road - Lexington/Echo Highway
8) Reedsport - Dean Creek

9) 32nd Street - Crest Motel (Astoria)

10) Vale Creek - Nylund Road

Ef fect of Additives

A limited test program was undertaken to evaluate the effect of additive
type on Index Retained Strength (Table 12) and diametral modulus ratio (Table
13). Only two additives were studied, hydrated lime and Pave Bond Special.
Pave Bond Special was added to the asphalt one day prior to use and lime was
added to the hot aggregate just prior to the addition of asphalt for mixing.
As indicated in Table 12, Index of Retained Strength for each project is
increased from the treatment of asphalt with anti-stripping additive. On four
of the five projects, IRS values are increased with the_addition of hydrated
lime.

For each project, IRS test results are higher for this study than those
for construction mix design testing. This is likely the result of changes in
aggregate and/or changes in asphalt obtained for the study.

Modulus ratio values are increased from the addition of additive in all
cases, except one. The Modulus Ratio values are in excess of 0.70 with the
use of Pave Bond on four of five projects for vacuum saturated specimens and

on two of five projects after freeze-thaw conditioning,
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1)

2)

3

4)

5)

*

Table 12. Effect of Additive on Index of Retained Strength For

Lab Batched Mixture at Wearing Surface Asphalt Content

Project

Emigrant Hill - Meacham

without additive
with 0.2% Pave Bond
with 17 Lime

Umatilla - Hermiston
without additive

with 0.2 Pave Bond
with 172 Lime

Compressive Stremngth, PSI

Dry

282
260
317

203
211
224

Juniper Canyon Road - Lexington/Echo

without additive
with 0.37 Pave Bond
with 17 Lime

Vail Creek - Nylund Road
without additive
with 0.27% Pave Bond
with 1% Lime

Nylund Road - Roaring Creek
without additive

with 0.27% Pave Bond
with 17 Lime

264
248
282

256
248
281

213
228
250

Highway

Wet

206
250
267

191
214
230

200
226
221

191
212
221

149
192
176

Values from Construction Mix Design Testing - Table 4
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Retained

73
96
84

94
101
103

76
91
79

75
85
79

70
84
70

Strength, 7%

68%
8 7%

6 6%
89*

56%
8 0%

79%
8 0%

62%
8 5%



Table 13. Effect of Additive of Diametral Modulus Ratio For
Lab Batched Mixtures at Wearing Course Asphalt Content

MODULUS, 10> PSI MODULUS RATIO

PROJECT UNCONDITIONED VAC. SAT FREEZE-THAW
(a) (b) (e) (b/a)  (c/a)

1)

2)

3)

4)

5)

Emigrant Hill - Meacham

without additive 390 269 256 .69 .66

with 0.2% Pave Bond 439 312 258 .71 .59

with 1.0% Lime 480 394 328 .82 .68
Umatilla - Hermiston

without additive 321 247 196 77 .61

with 0.2% Pave Bond 210 249 210 1.19 1.00

with 17 Lime 204 270 245 1.32 1.20
Juniper Canyon Road ~ Lexington/Echo Highway

without additive 331 282 217 .85 .66

with 0.27% Pave Bond 215 249 228 1.16 1.06

with 1% Lime 332 223 269 .67 .81
Vail Creek -~ Nyland Road

without additive 257 179 145 .70 .56

with 0.27% Pave Bond 285 191 166 .67 .58

with 1% Lime 354 264 212 .75 .60
Nylund Road - Roaring Creek

without additive 227 155 78 .68 .34

with 0.27% Pave Bond 261 211 131 .81 .50

with 17 Lime 286 195 135 .68 A7
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Conclusions

CONCLUSIONS AND RECOMMENDATIONS

The results of this portion of the study (Phase I) generally indicated

that:

1)

2)

3)

4)

5)

6)

Recommendations

Present mix design procedures may not always detect problem
from asphalt-aggregate stripping.

Aggregate quality appears to relate to low values for Index of
Retained Strength and Modulus Ratio.

Significant differences existed for Index of Retained Strength
and Modulus Ratio values for construction mix design, submitted
mix and later laboratory batched specimens.

level of compaction greatly affected the compressi&e strength,
However, Index of Retained Strength values show little change.
Gonditioning greatly affected modulus and modulus ratio values.,
The use of additives generally increases both the Modulus Ratio

and Index of Retained Strength.

This study should be continued into Phase II, the field evaluation por-

tion of the project. Six projects should be selected; three likely to have

problems and three not likely to have problems. For each project, cores

should be taken at several locations in between wheel paths and in the case of

freeways in both the traffic and passing lanes. Each core should then be

tested for:

1) In-place void content

35



1D- In-place void content

2) Percent compaction

3) Diametral modulus as received and conditioned,
4) Aggregate gradation, and

5 Asphalt content and properties

6) Percent of aggregates with asphalt coating.

These results together with an performance evaluation of the project should
yield valuable information in answering the reliability of present mix design

procedures to predict stripping problems.

36



1)

2)

3)

4)

REFERENCES

Lottman, R.P., "Predicting Moisture-Induced Damage to Asphaltic

Concrete," NCHRP Report 192, 1978,

Lottman, R.P., "Predicting Moisture-~Induced Damage to Asphaltic Concrete

-Fleld Evaluation,” NCHRP Report 216, 1982,

AASHTO Materials, Tests, — Part I, American Assoclation of State Highway

and Transportation Officials, 1982.

Laboratory Manual of Test Procedures, Oregon Department of Transporta-

tion.

37



